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ABSTRACT. Disadvantages of h i t h e r t o  used methods are  
s h ~ w n .  Object of  i nven t ion  i s  a new process of o b t a i n i n g  
p r o p e l l a n t s  which invo lves less cos t ,  t ime and danger, 
and fu rn ishes  a b e t t e r  end product .  I n  t h i s  a m ix tu re  
o f  n i t r o c e l l u l o s e  and a n i t r a t e d  po lya l coho l ,  con ta in ing  
a t  l e a s t  10% water  and produced a t  a temperature below 
18"C, i s  f e d  i n t o  a molten n i t r o  compound. 

I n  t h e  case o f  manufacture of p r o p e l l a n t s  such as cannon- and gunpowder 
and rocke t  composi t ions,  one has  h i t h e r t o  proceeded i n  such a manner t h a t  a 
mixture  o f  n i t r o c e l l u l o s e ,  n i t r o g l y c e r i n e  o r  one o r  s c v e r a l  s imi l a r  n i t r a t e d  
m u l t i v a l e n t  a l coho l s  and water i s  dehydrated on hea ted  r o l l s  and t h a t  t h e  
n i t r a t e d  m u l t i v a l e n t  a lcohols  thus  b r ing  about g e l a t i n i z a t i o n  of t h e  n i t r o -  
c e l l u l o s e .  The g e l a t i n i z e d  mixtures ,  r o l l e d  out i n t o  t h i n  s k i n s ,  are then  
conver ted  i n t o  s t r i p  o r  f o i l  shape with the  a i d  of  a c u t t i n g  dev ice ,  while  f o r  
t h e  product ion  of t u b u l a r  powder the  des i r ed  shape i s  imparted t o  t h e  g e l a t i n i  
zed mass by means of a p r e s s  wi th  an appropr i a t e ly  shaped nozz le .  

This p rocess  f o r  t he  manufacture of p r o p e l l a n t s  has the  d isadvantage  t h a t  
t h e  r o l l i n g  work f o r  the  dehydrat ion of  powder mixtures n o t  only consumes much 
time and energy b u t  a l s o  involves  cons iderable  danger,  s i n c e  a t  a h ighe r  temp- 
e r a t u r e  t h e  masses are s e n s i t i v e  t o  f r i c t i o n  and t h e r e f o r e  i g n i t e  e a s i l y .  
Moreover, t h e  vapors  developing during t h e  r o l l i n g  process  of  t h e  n i t r a t e d  
a l coho l s  are a seve re  burden t o  persons ope ra t ing  t h e  r o l l i n g  m i l l .  

* Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  the  fo re ign  t e x t .  
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I n  t h e  f i e l d  of the  product ion  of  exp los ives ,  i . e . ,  of qu ick ly  r e a c t i n g  
explodable  mixtures  Of chemical compounds acccmpanied by a gas dcvclopment 
wi th  c rush ing  and b l a s t i n g  e f f e c t s ,  i t  has a l r eady  been p o s s i b l e  t o  avoid i n  
a s imple  manner t h e  drawbacks connected wi th  t h e  dehydra t ion  o f  t h e  mixture  
t o  be processed  by r o l l i n g  i n  such a way t h a t  t h e  exp los ive  components are 
mixed i n  a molten s ta te  and t h i s  melt  i s  then  poured i n t o  molds, f o r  i n s t a n c e  
f o r  grenades and bombs. T r a n s f e r  of  t h i s  work p r i n c i p l e  t o  t h e  product ion  of 
p r o p e l l a n t s  , i. e .  , of s lowly r e a c t i n g  explodable  mixtures  of  chemical com- 
pounds accompanied by gas development which e x p e l l s  a p r o j e c t i l e  from gun, 
cannon o r  rocke t  t u b e s ,  encounters  d i f f i c u l t i e s  i n  p r a c t i c e ,  e s p e c i a l l y  i n  
t h e  c a s e  o f  p r o p e l l a n t  charges formed with n i t r o c e l l u l o s e  and n i t r a t e d  mul t i -  
v a l e n t  a l coho l s ,  s i n c e  dur ing  i n t r o d u c t i o n  of  the  water -conta in ing  mixture  
which is prepared  i n  t h e  convent ional  manner, f o r  i n s t a n c e  n i t r o c e l l u l o s e  and 
d i g l y c o l d i n i t r a t e ,  i n t o  molten t r i n i t r o t o l u o l  o r  i n t o  another  molten n i t r o  
subs t ance ,  only p a r t  o f  t h e  n i t r o c e l l u l o s e  g e l a t i n i z e s ,  wi thout  t h e  d e s i r e d  
homogeneous s o l u t i o n  being formed. 
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For the  manufacture o f  p r o p e l l a n t  powders wi th  delayed i n i t i a l  combustion 
speed  it h a s  a l s o  a l r eady  been proposed t o  conver t  i n t o  a s o l u t i o n  a r e s t r a i n -  
i n g  subs tance ,  such as diamyl o r  d i b u t y l p h t h a l a t e  o r  mono-, d i - ,  o r  t r i n i t r o -  
t o l u o l ,  j n  methyl o r  e t h y l  a lcohol  o r  benzene, and t o  mix wi th  t h i s  s o l u t i o n  
t h e  mass o f  g r a i n s  of powder, f o r  i n s t ance  of  n i t r o c e l l u l o s e - n i t r o g l y c e r i n e  
powder, f o r  t h e  purpose of  s u p e r f i c i a l  t rea tment  with the  a d d i t i o n  of  water ,  
and then  t o  h e a t  t h e  mixture  t o  b r i n g  about t h e  evapora t ion  of  t he  s o l v e n t  and 
t h e  water. This process  works wi th  a d i s so lved  mixture  with subsequent  e l i m i -  
n a t i o n  and recovery of the  s o l v e n t  from i t ,  and i s  t h e r e f o r e  cumbersome and 
expens ive .  

I t  h a s  been shown on the  b a s i s  of  exhaus t ive  experiments t h a t  i n  t h e  case 
o f  product ion  of molten powder mixtures  conta in ing  n i t r o c e l l u l o s e  and n i t r a t c d  
m u l t i v a l e n t  a l coho l s  as we l l  as n i t r o  compounds, t h e  a t ta inment  of homogeneous 
s o l u t i o n s  p r e r e q u i r e s  t h a t ,  while  i t  i s  being fed i n t o  t h e  molten n i t r o  com- 
pounds, t h e  n i t r o c e l l u l o s e  enr iched  by t h e  n i t r a t e d  m u l t i v a l e n t  a l coho l s  have 
a very  s p e c i a l  water conten t  which amounts a t  l eas t  t o  18%, p r e f e r a b l y  20 t o  
23%, s i n c e  i n  t h e  case of t oo  low a water  con ten t  t h e  n i t r o c e l l u l o s e  does no t  
completely go i n t o  s o l u t i o n  and small lumps remain which have a very  unfavor- 
a b l e  effect  upon t h e  b a l l i s t i c s  of  t he  powder, and t o o  high' a water  c o n t e n t  
r e s u l t s  i n  too long a pe r iod  f o r  t he  mel t ing  process  which i s  disadvantageous 
f o r  t h e  s t a b i l i t y  of t h e  f i n a l  p roduct .  

The experiments have fur thermore shown t h a t  t he  tempera ture  t o  be main- 
t a i n e d  dur ing  t h e  mixing o f  n i t r o c e l l u l o s e  wi th  t h e  n i t r a t e d  m u l t i v a l e n t  a lco-  
h o l ,  i n  o r d e r  t o  prevent  t he  s t a r t  of g e l a t i n i z a t i o n  p r i o r  t o  the  feeding  of  
t h e  n i t r o c e l l u l o s e  i n t o  t h e  melt  and t o  avoid the  undes i r ab le  formation of 
sma l l  lumps occurr ing  a t  excess ive  tempera tures ,  must be f i x e d  as low as 
p o s s i b l e  and s a t i s f i e s  t h i s  condi t ion  only i f  i t  never  exceeds 1S"C. 

On t h e  b a s i s  o f  t hese  f i n d i n g s ,  i n  accordance wi th  t h e  inven t ion ,  t he  
p rocess  f o r  t h e  product ion o f  p r o p e l l a n t s  i s  such t h a t  a mixture  of  n i t r o -  
c e l l u l o s e  and a n i t r a t e d  polyalcol iol ,  con ta in ing  a t  l e a s t  10% watcr  and being 
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produced a t  a temperature  of below 10°C, is f e d  i n t o  a molten n i t r o  compound. 
In  t h i s  way n o t  on ly  the  r o l l i n g  work usua l ly  r equ i r ed  i n  a case  of  product ion  
of p r o p e l l a n t s  f o r  t h e  dehydrat ion of powder mixture  i s  avoided,  bu t  a l s o  an  
e a s i l y  pourable ,  completely uniform melt without  any lump formation i s  
a t t a i n e d .  Also according t o  t h e  invent ion ,  no s o l v e n t  is employed, which 
s i m p l i f i e s  t h e  e n t i r e  process  and makes it less expensive.  

Here it i s  advantageous t o  use  a n i t r o c e l l u l o s e  wi th  a n i t r o g e n  conten t  
below 12.4% s i n c e  a n i t r o c e l l u l o s e  conta in ing  more n i t r o g e n ,  as has  been shown, 
y i e l d s  melts which even i n  the  case  o f  low v i s c o s i t y  o f  t h e  n i t r o c e l l u l o s e  
are h i g h l y  v i s c o u s ,  and conversion i n t o  the d e s i r e d  form and the  removal of  
a i r  i s  t h e r e f o r e  impossible  o r  d i f f i c u l t .  I t  has  fur thermore been found 
advantageous t o  conduct t h e  evapora t ion  of  wa te r  during t h e  d i s s o l u t i o n  pro-  
cess a t  such a speed as t o  b r i n g  about complete d i s s o l u t i o n  of the  n i t r o c e l l u -  
l o s e  i n  t h e  m e l t .  

P a r t i c u l a r l y  s u i t e d  f o r  t h e  n i t r o  substance,  which i n  a molten s t a t e  
ierves t o  d i s s o l v e  t h e  n i t r o c e l l u l o s e  admixed wi th  a n i t r a t e d  polya lcohol ,  and 
t h e  me l t ing  p o i n t  o f  which must t he re fo re  l i e  below the  decunlposition tempera- 
t u r e  o f  t h e  n i t r o c e l l u l o s e ,  i . e . ,  below 13OoC, are aromatic  and a l o p h a t i c  n i t r o  
compounds. D i -  o r  t r i n i t r o t o l u o l ,  d i -  o r  t r i n i t r o b e n z e n e ,  d i -  o r  t r i n i t r o -  
phenol ,  d i -  o r  t r i n i t r o p l i e n y l  g lyco l  e t h e r  n i t r a t e ,  t e t r a n i t r o m e t h y l  a n i l i n e ,  
monoi t ronaphtha l ine ,  t r i n i  t ronaph tha l ine ,  d i n i t r o o x y t o l u o l ,  pen tan i t rod ipheny l -  
amine, t r i n i  t rophenylg lyc ine  , t r i n i  trophenylethanolamine are, f o r  i n s t a n c e ,  
employed as aromat ic  n i t r o  subs t ances ,  and d i n i t r o d i e t h a n o l  n i t r a toxamide ,  
t e t r a n i t r o p e n t e r y t r i t e ,  d i o x y e t h y l s u l f o d i n i t r a t e  a r e  used as a l i p h a t i c  n i t r o  
subs t ances .  According t o  t h e  inven t ion ,  mixtures  of t h e s e  a romat ic  and a l i -  
p h a t i c  n i t r o  subs tances  and of these  n i t r a t e s  can a l s o  be used f o r  g e l a t i n i z a -  
t i o n  of  t h e  n i t r o c e l l u l o s e .  N i t rog lyce r ine ,  d i g l y c o l d i n i t r a t e  and s imilar  
a lcohol  n i t r a t e s  a r e ,  f o r  i n s t a n c e ,  s u i t a b l e  as n i t r a t e d  m u l t i v a l e n t  a l coho l s .  
Part  o f  t h e  n i t r a t e d  mul t iva l en t  a lcohol  t o  be mixed wi th  t h e  n i t r o c e l l u l o s e  
can a l s o  be r ep laced  by s o f t e n e r s .  * 

For p r a c t i c a l  ca r ry ing  out o f  t h e  process  according t o  the  inven t ion  i t  
has  fu r the rmore  been proved advantageous t o  employ a n i t r o c e l l u l o s e ,  t h e  
v i s c o s i t y  o f  which has  been reduced by a toc lave  t r ea tmen t .  The p res su re  
cooking i s  conducted under such condi t ions t h a t  t h e  v i s c o s i t y  amounts t o  15 t o  
25 seconds .  The v i s c o s i t y  i s  h e r e  determined i n  such a way t h a t  a 10% s o l u t i o n  
o f  t h e  n i t r o c e l l u l o s e  t o  be measured i s  measured i n  a mixture  o f  bu tano l ,  
b u t y l  acetate and t o l u o l  a t  a r a t i o  of  3:4:5 i n  a Cochius v i scos ime te r  (7  mm) 
a t  18°C. 
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Exarnp 1 e. 

53 kg t r i n i t r o l u o l  a r e  hea ted  i n  a cauldron equipped wi th  a h e a t i n g  j a c k e t ,  
and i n  a d d i t i o n  28  kg n i t r o c e l l u l o s e  with a n i t r o g e n  conten t  of  1 2 . 1 %  and a 
v i s c o s i t y  of 20 seconds,  measured i n  3% a c e t o n i c  s o l u t i o n  according t o  Cochius, 
are i n t i m a t e l y  mixed a t  14OC wi th  18 kg d i g l y c o l  d i n i t r a t e  i n  aqueous emulsion. 
This  mix tu re  i s  r e l i e v e d  of  excess ive  water i n  a c e n t r i f u g e  t o  such an e x t e n t  
t h a t  i t  s t i l l  possesses  a humidity of 22%.  The n i t r o c e l l u l o s e  which has  thus  

3 



been enriched wi th  n i t r a t e d  m u l t i v a l e n t  a lcohol  i s  now prepulver ized  i n  t h e  
convent ional  manner and then i s  s lowly s t i r r e d  i n t o  the  molten t r i n i t r o t o l u o l  , 
with  very thorough mixing. 
under vacuum, so t h a t  t h e  water g radua l ly  evapora tes .  The dehydrat ion process  
must h e r e  be c o n t r o l l e d  i n  such a way t h a t  g e l a t i n i z a t i o n  proceeds i n  p a r a l l e l  
wi th  t h e  evapor i za t ion ,  s i n c e  t o o  f a s t  an evapor i za t ion  of t he  water  h inde r s  t h e  
t h e  g e l a t i n i z a t i o n .  The y i e l d e d  homogeneous, e a s i l y  pourable  melt  i s  con- 
v e r t e d  i n  the convent ional  manner i n t o  t h e  d e s i r e d  powder. 

Thereupon t h e  mel t ing  cauldron i s  s e a l e d  and pu t  

l u l o s e  i s  rep laced  by s o f t e n e r s .  

- 

P r i n t e d  works considered:  USA Pa ten t  S p e c i f i c a t i o n  No. 1 967 913. 

T rans l a t ed  f o r  t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion  under  
c o n t r a c t  No. NASw-1695 by Techtran Corpora t ion ,  P .O.  Box 729, Glen Burnie 
Maryland 21061 
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Patent  Claims 

1. Process f o r  the  product ion of mel t s  f o r  the product ion of p r o p e l l a n t s ,  
cha rac t e r i zed  by t h e  f a c t  t h a t  a mixture  of  n i t r o c e l l u l o s e  and a n i t r a t e d  
polya lcohol ,  produced a t  a temperature  of  lS0C and conta in ing  a t  l e a s t  18% 
water ,  i s  fed i n t o  a molten n i t r o  compound. 

2 .  Process according t o  Claim 1, c h a r a c t e r i z e d  by t h e  f a c t  t h a t  a 
n i t r o c e l l u l o s e  wi th  a n i t rogen  con ten t  below 12 .4% is employed. 

3.  Process according t o  Claims 1 and 2 ,  cha rac t e r i zed  by t h e  fac t  t h a t  
n i t r o c e l l u l o s e  which has undergone . v i s c o s i t y  reduct ion  by means of  au toc lave  
t r ea tmen t ,  is employed. 

4 .  Process  according t o  one o f  Claims 1 t o  3,  c h a r a c t e r i z e d  by the  f a c t  
t h a t  t h e  evapor i za t ion  of water dur ing  t h e  d i s s o l u t i o n  process  i s  c a r r i e d  out  
a t  such speed t h a t  complete d i s s o l u t i o n  of t h e  n j t r o c e l l u l o s e  takes p l a c e  i n  
t h e  me l t .  

5. Process according t o  one of Claims 1 t o  4, c h a r a c t e r i z e d  by t h e  fac t  
t h a t  a p a r t  of t h e  n i t r a t e d  mul t iva lenc  a lcohol  t o  be  mixed wi th  t h e  n i t r o c e l -  


